Background Foods with low glycaemic index (LGI) are reported to suppress appetite mainly in overweight population but have not been investigated in athletic adults. Objective The aim of this study was to compare the shortterm effects of LGI and high GI (HGI) meals over a day on subsequent subjective appetite sensation, energy intake, energy expenditure, energy balance and resting metabolic rate in physically active males. Methods This cross-sectional randomized crossover study included 14 active males (mean ± SD; age 34.5 ± 8.9 years, body mass index 22.8 ± 2.1 kg m -2 ) to consume LGI and HGI meals on two separate days. On each trial day, participants consumed a breakfast in the laboratory and then left with a packed lunch, dinner and snacks. Appetite scores, energy intake and expenditure were assessed. Results The area under the curve for appetite scores of the HGI trial was significantly smaller than that of the LGI trial during the laboratory period (p = 0.027) and throughout the day (p = 0.009). No significant differences in energy intake, energy expenditure, energy balance and resting metabolic rate were found between groups, between the trial days and between the corresponding post-trial days. Conclusions These results show that frequent ingestion of the HGI meals, contrary to the previous reports, suppresses appetite more than that of LGI meals, but did not affect energy balance in physically active normal-weight males. 
Introduction
Weight management strategies are undertaken by overweight and obese individuals, but they are also performed by athletes [1] . The regulation of energy intake (EI) is multi-factorial, including environmental, biological and individual influences, as well as a strong genetic component. Therefore, a precise understanding of the relationship between food intake, appetite and weight management is important for athletes wishing to develop appropriate dietary regimens to control body weight while optimizing exercise performance.
Appetite is a driving force for the pursuit, selection and ingestion of food. Appetite suppression, as a weight management strategy, might help to control EI without the feeling of being deprived of food intake. Appetite, including satiation and satiety, could potentially be altered by varying the glycaemic index (GI) of ingested meals [2] [3] [4] . The GI system was established in the early 1980s as a measure of the bioavailability of carbohydrate (CHO)-rich foods [5] . Previous studies have reported an association of low GI (LGI) food consumption with health benefits in individuals with chronic conditions such as hypercholesterolaemia, diabetes or obesity [5, 6] and have been recommended for weight management and better glycaemic control in the last two decades [7, 8] . To date, nearly 2,000 foods have been assessed based on the GI ranking system [9] .
The rationale of the advantage of LGI diets for weight management is due to its potential satiating effects leading to a reduction in subsequent EI. Some studies have suggested that LGI foods have higher satiating effects compared to the high GI (HGI) foods [10, 11] . Ludwig et al. [10] found that the ratings of hunger in 12 obese male adolescents were higher following a HGI breakfast than following a LGI breakfast. Furthermore, the subsequent EI 5 h after the HGI breakfast was 81 % greater than after the LGI breakfast. On the contrary, another study found that HGI foods suppressed subjective appetite leading to lower subsequent EI than following LGI foods in non-obese male adults [12] . These conflicting findings may relate to the different sample population since there appear to be different in the perceived appetite sensation between obese and non-obese adults and between physically active and sedentary populations [13, 14] . To date, the effect of GI on appetite and subsequent EI has not been investigated in male athletes. Therefore, the purpose of this study was to compare the short-term effects of LGI and HGI meals over a day on subsequent subjective appetite sensation, EI, energy expenditure (EE), energy balance (EB) and resting metabolic rate (RMR) in physically active males. It was hypothesized that LGI meals would suppress appetite and lead to a negative EB compared to HGI meals in a trial day.
Methods

Design
A randomized, crossover, within-subject design was utilized to investigate the effects of GI on the subjective appetite sensation and EB of physically active male adults over a single trial day. Participants ingested either a LGI or HGI breakfast at the laboratory and then left with a takeaway bag containing test food and drinks for lunch, dinner and snacks. Participants returned to the laboratory the next morning for a follow-up assessment of RMR. Participants received the alternative test meals after a washout period of at least 2 days [15, 16] .
Participants
Volunteers completed an eating attitude test (EAT-26) [17] , a health questionnaire and a food preference questionnaire as part of the eligibility screening. Eligibility was based on the following criteria: male, Caucasian, 18-50 years of age, less than 10 % fluctuation of body weight in the last 3 months, to exercise at moderate intensity for more than 30 min at least three times a week, non-regular smoker, no known metabolic or eating disorder, no food allergy or aversion to the test meals, and to consume breakfast at least three times per week in the last month. Participants were informed of the testing procedures and the possible risks of the study and were briefed that the aim of the study was to investigate general aspects of meals on appetite sensation, but not the specific purpose of investigating the GI effects on appetite. Written informed consent was obtained prior to the first trial. A power calculation based on previous papers [10, 18] indicated that 10 participants would be needed in order to detect a significant change of 26 mm in hunger rating [10] and of 34 VAS units of 180 min in area under the curve of satiety [18] at an alpha level of 0.05 with a power of 80 %. The study was approved by the Ethics Committee of the institution in accordance with the Declaration of Helsinki.
Preliminary procedures
Participants recorded 2 days of food and drink intake prior to the first trial for determination of energy content of the test meals. Two days prior to each trial day, they were required to record food intakes and to wear an accelerometer (ActiGraph GT1M accelerometer, ActiGraph LLC, Pensacola, FL, US). Participants were instructed to maintain their habitual physical activities and dietary patterns and refrain from unusual strenuous exercise for the 24 h preceding each trial day [19] . No alcohol was permitted during this period [16] . In order to minimize any evening meal effect on RMR and appetite, participants were instructed to replicate the pre-trial evening meals of the first trial prior to the second trial [16, 19] . Participants were not allowed to eat or drink anything for 10 h before arrival at the laboratory for each trial day [16] .
Trial procedures
Participants arrived at the laboratory between 0700 and 0900 hours on the trial days after an overnight fast for 10 h with the accelerometer being worn. Body mass and body stature were taken wearing light clothing. Participants then rested supine for 45 min to collect gas for the RMR measurement. A glass of water (250 mL) was served to participants afterwards to minimize dehydration and difference in the gastric emptying before the consumption of the test breakfast. Participants then stayed in a quiet room for 15 min before the test breakfast was served [2] .
Participants rated their levels of appetite, physical comfort and impression of the breakfast on a visual analogue scale (VAS) questionnaire before consuming the breakfast. Participants were required to consume the breakfast within 20 min [16] . Water was provided ad libitum with the breakfast. Then the same VAS questionnaire was completed immediately following the test breakfast, which was 20 min from the start of the meal. All VAS questionnaires for appetite sensations were rated every 10 min postprandially for an hour [13, 20] . Participants were allowed to read, relax and browse the internet between ratings, with an exception of any reference to literature related to foods and drinks [13] . Participants stayed in the same room alone in both trials in order to let them focus on eating and to reduce social influences or any disruption from habitual satiation processes [21] .
Participants were provided with packed test foods and drinks before departure. A free food list was enclosed for participants to top up extra foods when they felt hungry after all foods of each meal provided had been consumed [22] . Non-calorie-containing drinks such as water, tea and coffee were allowed ad libitum. On leaving the laboratory, participants were required to rate their appetite on the VAS hourly during the waking hours for the remainder of the trial day plus the VAS for palatability after lunch and dinner. Participants were instructed to take lunch and dinner between 1200 and 1400 hours and between 1800 and 2000 hours, respectively, to minimize any mealtime effect on appetite sensation rating. Participants were free to consume the provided snacks 2 h after each main meal (Fig. 1) .
Participants returned to the laboratory the same time the next day after the overnight fast. A 45-min post-trial RMR was measured. The anthropometric measurements were completed before departure. Participants continued to record the food intake and to wear the accelerometer during the waking hours for the day following each trial.
Anthropometry
Stature, body mass and four sites of skinfold thickness (iliac crest, subscapular, triceps and medial calf) were measured by using standard procedures [23] . The sum of the skinfold thickness was used to estimate the percentage of body fat [24] and fat-free mass (FFM).
Test meals
The GI values of the meals were calculated from the weighted means of the GI values of individual CHO-containing foods from the published sources [9] using the mixed-meal method [25] . The overall GI values for the planned LGI and HGI trial were 39.6 ± 0.7 and 76.9 ± 2.8, respectively, with a difference of 37.3 ± 2.7 between trials. The majority of LGI and HGI CHO-rich foods and drinks had a GI lower than 55 and over 71, respectively (Table 1) . Based on the food preference questionnaire, no food scored as 'dislike very much' was provided (1 on a 5-point Likert Scale).
The total energy content of the test meals was determined from the 2-day pre-trial food record. The energy content of the test breakfast (EI breakfast ) was determined from the reported breakfast intake. The energy contributions of breakfasts from CHO, protein and fat were set as 60, 15 and 25 %, respectively. Both LGI and HGI breakfasts matched with contents of saturated, monounsaturated and polyunsaturated fats; fibre; and caloric density and presented the same number of food items. The variety was limited to not more than four items per meal to reduce the effects of variety associated with the disruption of habituation [21] .
The energy content in the packed foods was set from the difference in the total energy content and the energy contributed from the test breakfast. The packed lunch and dinner each contributed 30 % of the total energy content. The energy ratio from CHO/protein/fat for lunch, for dinner and for the trial day was set as 65:15:20. A cooking instruction sheet for dinner was provided for participants to minimize any cooking effects on GI values. Non-CHOcontaining foods were added to match the fibre, protein and fat contents similar between the test meals. A low-calorie drink was provided to match the caloric density between the test meals at each main mealtime ( Table 1 ). The brands and the nutrition labels of the foods and drinks were either torn away or covered to minimize participants accessing their EI. All meals and snacks were freshly prepared and packed in the morning of each main trial day and kept in the refrigerator until departure. Participants were encouraged to consume all provided foods. Nevertheless, they did not have to consume all if they were full. Conversely, after consumption of all provided foods at each mealtime, participants could add foods selected from a provided list such as green leafy vegetables and tomatoes if they still felt hungry.
Appetite and palatability
Subjective appetite sensation with the elements of hunger, desire to eat, satiety, prospective food consumption and fullness [26] , physical comfort, as well as palatability with the sensation variables of visual, smell, taste and palatability of the test meals were assessed using the 100-mm VAS [20, 27] . The use of VAS for assessing subjective appetite sensation has been widely used and accepted [28] . An appetite score (AS) [26] was developed from the VAS. Lower composite AS is associated with greater suppression of appetite. Palatability also includes several sensational elements such as visual, smell and taste [27] . A palatability score was calculated from an average of these elements. Higher composite PS represents the meal is more palatable. The equations of calculating the AS [26] and the PS were as follows:
AS ¼½Desire to eat þ hunger þ prospective food consumption þ ð100 À fullnessÞ þ ð100 À satietyÞ=5½26
Energy intake, energy expenditure and energy balance
The 2-day dietary records prior to each trial day were treated as a baseline. The dietary records on the trial day as well as on the post-trial day were treated as intervention data. Participants were briefed about the format of recording intakes and to provide detailed description of food and drink items being consumed including mealtime, location, portion and brand name [29] . Written instruction and food record sheets were given. A registered dietitian went through the food records and clarified any unclear or missing information with participants. Food records were analysed using a commercially available nutrient analysis software (Microdiet 2.0, Downlee Systems Ltd., High Peak, UK). Participants were required to wear the accelerometer for estimation of the baseline EE 2 days prior to each trial day. They were required to continue to wear the accelerometer on the trial day as well as on the post-trial day so as to collect data as intervention. Verbal and written instruction of the use of the accelerometer was given. The same serial accelerometer was provided to participants during the trial periods to minimize between-device variations wherever possible. The data were initially collected in 5-s epochs and then converted to 1-min epochs for estimating the EE by the software (V5.6.4 ActiLife, FL, US) using the cutpoints of Troiano et al. [30] . The EB was calculated from the difference in EI and EE.
Resting metabolic rate was measured by indirect calorimetry (Cortex Metalyser 3B, Leipzig, Germany). The gas analyser was calibrated prior to each measurement by ambient air and a standard gas (16 % O 2 , 4.96 % CO 2 ). Flow calibration was performed using a 3-L syringe (Hans Rudolph, UK). Participants were instructed to remain awake in a supine position on a bench in a quiet and temperature-and humidity-controlled room for 45 min after wearing a gas collection mask [31] . Readings were taken continuously, and the readings of the first 10 min were not used for analysis. The volumes of oxygen consumption and carbon dioxide production were recorded. The rates of CHO and fat oxidation were then calculated using non-protein stoichiometric equation [32, 33] .
Data analyses
Descriptive statistics were calculated for group characteristics. A two-way repeated-measures analysis of variance was used to test for trial effect, time effect and trial-by-time interaction on the mean AS and EI. Greenhouse-Geisser corrected p values were reported when the assumption of sphericity was not met. The total area under the curve of the AS (AS AUC ) was examined (mm min) using SigmaPlot Ò 10.0 (version 10.0, Systat Software Inc, UK). Pearson's correlation analyses were applied to examine the associations between appetite, EI breakfast , EI at lunch (EI lunch ), EI at dinner (EI dinner ) and total EI, and palatability. Multiple linear regression analysis was used to determine the predictive value of EI for the post-meal AS in the different trials. Differences between trials in the prebreakfast AS, the AS AUC at the laboratory and at the freeliving condition, and the post-meal AS and the post-meal PS at each mealtime were assessed using paired sample t tests. Any trial order effect, that is, the first trial versus the second trial, was also examined. All values were presented as means and standard deviations (SD) using PASW Statistics 18 (version 18.0, SPSS Inc., Chicago, IL, US) unless specified as standard error of mean (SEM). All statistics were performed at the significance level of a = 0.05.
Results
Descriptive characteristics
Fifteen participants initially enrolled for the study. One participant withdrew from the study after the first trial due to sickness. The data collected from this participant were excluded from analysis. Fourteen physically active males completed the study successfully (Table 2 ).
Glycaemic index of the meals
The actual calculated GI values of each meal were determined after accounting for the final actual food consumption. The GI Age (years) 34.5 ± 8.9
Body mass (kg) 71.9 ± 10.6
Body mass index (kg m values of the planned LGI and the actual LGI at each main meal and in overall remained significantly lower than those of the corresponding HGI mealtimes. The actual HGI breakfast GI value was significantly higher than that of the planned GI value (t(13) = 2.2, p = 0.05), whereas no significant differences were found in the calculated GI values between the planned meals and the actual consumption of lunch and dinner at both trials (Table 3 ).
Appetite sensation
There was no significant difference between trials in the AS prior to breakfast respectively (79.3 ± 10.1 vs. 77.6 ± 14.0, t(13) = 0.41, p = 0.69). Independently of the GI values, the AS immediately after the breakfasts decreased significantly compared to the pre-meal AS (78.4 ± 12.0 vs. 31.7 ± 18.0, t(27) = 11.9, p \ 0.001).
There were no trial-by-time interactions during the laboratory session (p = 0.2). The averaged AS immediately after the three HGI main meals (breakfast, lunch and dinner) was significantly lower than that in the LGI trial (27.2 ± 12.5 vs. 34.0 ± 15.6, t(13) = -2.5, p = 0.024).
There existed main trial effects that the HGI AS was significantly lower than the LGI AS in the laboratory session (F(1,13) = 6.0, p = 0.03) and throughout the trial day (F(1,13) = 13.5, p = 0.003). Significant time effects during the period in the laboratory (F(2,26.5) = 54.5, p \ 0.001) and throughout the trial day (F(4.5, 57.9) = 10.2, p \ 0.001) were also found. No trial-by-time interactions throughout the trial day were observed (p = 0.3) (Fig. 2) . The HGI AS AUC was significantly smaller than the LGI AS AUC during the laboratory session (2,989 ± 1,390 mm min vs. 3,758 ± 1,290 mm min, t(13) = -2.5, p = 0.027) and throughout the trial day (35,454 ± 9,730 mm min vs. 41,244 ± 8,829 mm min, t(13) = -3.1, p = 0.009) (Fig. 3) . There was no trial order effect for the AS either during the laboratory session (p = 0.4) or throughout the day (p = 0.7).
Energy intake, energy expenditure and energy balance There was no significant difference in the EI breakfast between trials (t(13) = -0.66, p = 0.5) ( Table 4 ). In the Fig. 2 The effect of GI values on subjective appetite sensation. Values presented as mean ± SEM (n = 14).
LGI low glycaemic index, HGI high glycaemic index, T20 20 min following the breakfast, pp postprandial Values presented as mean ± SD (n = 14)
LGI low glycaemic index, HGI high glycaemic index * Significantly lower than the corresponding HGI mealtimes (p \ 0.001) ** Significantly lower than the corresponding actual GI (p = 0.05) Fig. 3 The area under the curve of the appetite score at the laboratory and throughout the trial days between trials. Values presented as mean ± SEM (n = 14).
LGI low glycaemic index, HGI high glycaemic index, AS AUC area under the curve of the appetite score. * Significantly higher than the corresponding HGI AS AUC (p \ 0.05) free-living setting, the LGI EI lunch was found to be significantly lower than the HGI EI lunch (t(13) = -2.4, p \ 0.033), whereas the LGI snack EI (EI snack ) was significantly higher than the HGI EI snack (t(13) = 2.4, p = 0.035), leading to no significant difference in the total EI (t(13) = 0.1, p = 0.9) (Fig. 4) . Due to technical faults with the accelerometers, pre-trial and the intervention data were only available for n = 13 and 12, respectively. There were no trial, time and trial-bytime interaction effects for EI, EE and EB among the baseline, the trial day and the post-trial day between trials (Table 5 ).
There was no significant trial effect on RMR between trials (data not shown). The rate of fat oxidation in the HGI post-trial morning tended to be higher than that in the HGI trial morning (0.103 ± 0.03 vs. 0.089 ± 0.03 g min -1 , t(13) = 1.98, p = 0.069).
Palatability
No significant differences were found between trials in the PS following breakfast (p = 0.78) or lunch (p = 0.68). However, participants reported that the HGI dinner was significantly more tasty (74.7 ± 17.0 vs. 58.6 ± 23.5, t(13) = 3.7, p = 0.003) and more palatable (72.0 ± 18.6 vs. 56.4 ± 22.9, t(13) = 3.1, p = 0.009), leading to greater HGI dinner PS (69.0 ± 20.7 vs. 56.1 ± 23.1, t(13) = 2.6, p = 0.024) than the LGI dinner PS. Significant negative correlations were found between the postdinner PS and AS at both LGI and HGI dinners, which explained 56 % (p = 0.002) and 48 % of the variance (p = 0.007), respectively.
Relationships between appetite sensation and energy intake
In order to remove any confounding effect from the PS, the correlations between AS and the EI at each meal were assessed after an adjustment of the PS. Independently of the GI values, significant negative correlations were found between EI breakfast (p = 0.002), EI lunch (p = 0.008) and their corresponding postprandial AS, and between the total EI without EI snack (p = 0.025) and the overall postprandial Values are mean ± SD (n = 14, except * n = 13 and ** n = 12)
LGI low glycaemic index, HGI high glycaemic index, EI energy intake, EE energy expenditure, EB energy balance, FFM fat-free mass Values are mean ± SD (n = 14)
LGI low glycaemic index, HGI high glycaemic index a,b Significantly lower and higher than the corresponding HGI variables (p \
AS, which explained 32.5, 24.6 and 13.4 % of variances, respectively. In an aspect of the GI effect, only the LGI EI breakfast was found to be negatively correlated to its postbreakfast AS, which explained 40.9 % of variance, whereas EI breakfast (p = 0.035) and the total EI without EI snack (p = 0.046) at the HGI trial were negatively correlated to the corresponding post-meal AS, which explained 34.2 and 23.8 % of variance, respectively ( Table 6 ). The negative correlations between EI and AS meant the higher the EI at one meal, the lower the rating of appetite sensation following that meal.
Discussion
This is the first study to investigate the regulation of shortterm appetite and energy balance following consumption of LGI or HGI foods by physically active male adults. We hypothesized that LGI foods could suppress appetite to a greater extent than HGI foods; however, the current findings did not support our hypothesis. The results illustrated that HGI meals suppressed appetite to a greater extent than LGI meals in physically active males. Previous studies had demonstrated the advantage of LGI foods in overweight participants on appetite suppression [10, 11] , whereas physically active males were recruited in our study. Our findings matched with the finding of another study that involved men with normal BMI [12] . The authors found that HGI CHO resulted in greater subjective appetite suppression than LGI CHO and the effect could last for an hour. Thus, the discrepancy in the current findings to the previous preferences on LGI foods on appetite suppression might result from the differences in body composition. In addition, the current findings showed that when consumed frequently, the appetite-suppressing effects of HGI foods appeared to last for a whole day, longer than observed previously [12] .
In the light of the lower AS AUC in the HGI trial, it was surprising that the LGI EI lunch was significantly lower than the HGI EI lunch without any significant difference in the post-lunch AS between trials. The current study provided energy-fixed meal conditions, rather than an ad libitum environment, although participants were asked to return any leftover foods if they felt full. Participants scored the appetite ratings after consuming those test foods. In accordance with the time sequence, the EI should be considered as a determinant of the post-meal AS at each meal time. A negative correlation was evident between the HGI post-lunch AS and the HGI EI lunch (p = 0.012), while the LGI post-lunch AS was independent of the LGI EI lunch (p = 0.13). Although the absence of such an association after the LGI lunch remained unclear, the increased LGI EI snack appeared to compensate for the reduced LGI EI lunch leading to lack of difference in the total EI between trials.
In their review, McKiernan et al. [34] reported that only one-third of the papers identified showed an association between appetite-related questions and food intake. The authors suggested that hunger was only a weak predictor of EI (r = 0.3) and the association between hunger and EI was even weaker under free-living conditions. There is evidently a complex relationship between appetite sensations and dietary intake. In the current study using the AS composited from five appetite-related elements, the postprandial AS AUC was consistently lower following the HGI foods than the LGI foods in both settings of the laboratory and the free living. Since a counterbalanced design was employed, these significant differences between trials could not be attributed to any effect of trial order.
Unexpectedly, the HGI dinner was reported to be more palatable than the LGI dinner which led the palatability to become a confounding variable in the current study. Breakfast, lunch and snacks in both trials were ready to be consumed; however, participants were required to cook the dinner. Although written cooking instruction was given, it was still difficult to control the palatability under home cooking conditions. Despite higher palatability-related scores following the HGI dinner, participants did not significantly increase their EI. Accordingly, the post-dinner PS of both trials was negatively correlated with the corresponding post-dinner AS, which implies that the more palatable foods suppressed the appetite greater at the fixed meal condition. Warwick et al. [15] previously stated that highly palatable meals rich in CHO might facilitate the subsequent control of EI. However, De Graaf et al. [35] suggested that the effect of the pleasantness of the foods on hunger rating and food intake lasted for 2 h postprandially. No evening snack after dinner was provided in the current study, and thus, any effect of the palatability on subsequent EI is not known. There are different interpretations of the term palatability, and to date, there is no clear and 
LGI low glycaemic index, HGI high glycaemic index, n.s. non-significance, n = 14, except * n = 28 consistent definition. The influence of palatability on appetite sensation needs clarification. Moreover, the mean difference in the GI values between the LGI and HGI dinners was smallest among the main meals after recalculation from the actual consumption of dinner. Further investigation is needed to establish whether the lack of correlation between the EI dinner and the postprandial AS is due to this confounding effect or insufficient difference in the GI values between trials for this meal. Stevenson et al. [36] found that an LGI evening meal elicited a higher gut fullness score and lower rating of hunger in the following morning than following an HGI evening meal. Consumption of LGI foods has been proposed to promote weight loss due to elevation of the metabolic rate, as well as the fat oxidation when compared to HGI foods [37] . Raben [38] reviewed the GI effect on EE. In nine out of 15 studies, EE was increased after the consumption of LGI foods. Krog-Mikkelsen et al. [39] speculated that any GI effect on energy balance, if it existed, would result from the change in appetite and EI, but not from EE. However, there was no effect of GI on RMR in the post-trial mornings in the present study. Previous studies investigated the effect of evening meals with different GI values on substrate oxidation and glucose tolerance in the morning after the consumption of the standardized HGI meals [33, 36, 40] . The insignificant difference in the respiratory exchange ratio (RER) in the current study was consistent with the baseline fasting results of these previous studies with male and female participants. No significant difference was found in the RER, fat and CHO oxidation in the fasted state in recreationally active males in another study, whereas the free fatty acid (FFA) concentration was higher in the HGI than in the LGI trial [36] . The FFA concentration was not measured in this study, but there was a trend for elevation of the fat oxidation in the post-trial morning after the consumption of HGI foods on the trial day (p = 0.069). Elevation of fat oxidation appears to be desirable for promoting weight loss. Fat oxidation can be elevated from low levels of circulating glucose. Thus, the higher rate of fat oxidation following the HGI evening meals in the longer term ([10 h) may be due to a greater drop in postprandial glucose, even within normal range in the current study. If such speculation was correct, it might suggest that HGI meals would lead to a higher hunger rating in the subsequent morning despite greater suppression of appetite sensation by the HGI foods on the trial day, which perhaps warrants further investigation. Larger sample sizes in the current study as well as in the previous study [36] might help to detect the difference.
Self-reporting of food intake is a subjective measure of EI, and reporting bias does occur as shown when comparing habitual EI measured by doubly labelled water and self-reported [41] . Goldberg et al. [42] developed a cut-off point for distinguishing underreporting of EI as less than 110 % of estimated basal metabolic rate. Only one participant's reported food intake was below the cut-off point in the current study. Nevertheless, this participant returned some leftovers. de Castro [43, 44] suggested that self-report dietary record is a reliable and valid method as all analyses were performed within subjects. The energy content of test meals was based on the individuals' reported food intakes prior to the first trial. Participants were not required to record food intake on the trial day unless extra foods were taken. This study design therefore could minimize underreporting of food intake. Furthermore, participants acted as their own controls in this crossover repeated-measure design study. Therefore, any underestimation of daily EI and food provided would affect both trials equally and not confound the comparison between trials.
Another strength of this study was that other than the manipulated characteristic, GI, the test meals were matched for energy; CHO; protein; fats including saturated, monounsaturated and polyunsaturated fats; fibre content and energy density between trials. It should be noted that the actual GI values may be different from the published values if the manufacturing processing conditions or formulas of commercial products were changed over time while the published values have not been kept up to date [45] . We sought to minimize any potential discrepancy by determining GI values in a more consistent way via the selection of natural or minimally processed foods.
In summary, the consumption of the HGI CHO-rich foods facilitates stronger appetite suppression in the early postprandial phase and throughout a day compared to the LGI CHO-rich foods. These apparent satiating effects of HGI foods are applicable to physically active males when HGI foods are consumed frequently over 1 day. Nevertheless, the findings should not be generalized without further empirical evidence. The lack of difference in total EI between trials despite the lower appetite scores in the HGI trial is most likely due to the non-ad libitum experimental setting. Further investigation into the relationships between GI and energy intake and balance by examining the physiological aspects of GI on substrate oxidation, and whether the advantage of HGI foods on appetite suppression persists in an ad libitum environment is necessary to understand the impact of HGI CHO-rich foods on appetite and weight management in active individuals in the longer term.
